We describe the cloning, expression pattern, and genomic organization of Lbx2, a murine homologue of the Drosophila and mammalian ladybird genes. Lbx2 includes a homeodomain motif most closely related to those of Lbx1 and the Drosophila ladybird proteins. Lbx2 transcripts are ®rst detected at E10.5 when they are located in the gonadal component of the urogenital ridge. Expression of Lbx2 dramatically increases by E11.5 in the urogenital ridges, and in the cranial surface ectoderm. At later stages, Lbx2 transcripts are expressed in the brain and organs derived from the urogenital ridge, including the gonadal tubercle, kidneys, and adrenal glands. From E14.5 to birth, Lbx2 expression is evident in the developing retinal neuroepithelium and the vibrissa. q
Results and discussion
The Drosophila ladybird genes play a critical role in neurogenesis, myogenesis, and cardiogenesis (Jagla et al., 1997a; Jagla et al., 1997b; Jagla et al., 1998) . The ladybird early (lbe) and ladybird late (lbl) genes are tandemly located in the Drosophila 93E homeobox gene cluster. The single murine homologue previously identi®ed, Lbx1, appears to be involved in muscle and central nervous system development (Jagla et al., 1995; Mennerich et al., 1998) . Using the expressed sequence tag (EST) database and genomic sequence analysis, we have identi®ed a second murine homologue of ladybird that we have named Lbx2. Lbx2 is a gene predicted to encode a 195 amino acid protein (Fig.  1A) . The amino acid sequence of Lbx2 is 47% identical (65% similar) to both Drosophila Lbe and Lbl, and 48% identical (66% similar) to murine Lbx1. The highest region of conservation exists within the homeodomain where Lbx2 is 72% identical (93% similar) to Lbx1 and 85% identical (92% similar) to Drosophila ladybird. Lbx2 contains a threonine at amino acid position 130 (position 47 of the homeodomain) which is characteristic of the ladybird and HOX11 proteins (Fig. 1B) (Jagla et al., 1995) . Amino terminal to the homeodomain, Lbx2 contains an eight amino acid domain identical to Lbe and Lbl, but not found in Lbx1. Lbx2 also contains a 17 amino acid domain shared with Lbx1, a motif not found in Lbe or Lbl (Fig. 1B) .
A 20 kb genomic clone including the entire Lbx2 gene was isolated from a mouse genomic library. Sequence analysis and comparison to cDNA sequence predicts an ATG initiation codon corresponding to that of Lbx1 and overlapped by a near consensus Kozak translation initiation sequence. An upstream stop codon occurs prior to another in-frame ATG (not shown). Lbx2 has a similar genomic organization to murine Lbx1, and is encoded by two exons with a single intervening intron located upstream of the homeobox (Fig. 1A) .
RT-PCR analysis indicates that Lbx2 expression during embryogenesis peaks at E11.5 and diminishes thereafter (data not shown). Lbx2 is ®rst detected by in situ hybridization at E10.5 when it is expressed in the gonadal component of the urogenital ridge ( Fig. 2A) . Expression increases dramatically by E11.5, notably in the gonadal and urogenital ridges (Fig. 2B±F ). Lbx2 also becomes prominent in symmetric stripes of cranial surface ectoderm and more weakly in the neighboring neuroepithelium (Fig. 2B,G ). This striped pattern in the head ectoderm is reminiscent of Six3, a murine sine oculus homologue (Oliver et al., 1995) . At E13.5, Lbx2 remains expressed in the urogenital ridge and becomes ®rst detectable in the cortical areas of the kidney (Fig. 2H) . Expression in the cortical regions of the kidney and adrenal gland is more evident at E14.5 (Fig. 2I) , and becomes apparent in the region of the paramesonephric duct (Fig. 2J) . Lbx2 is expressed diffusely in the frontal cortex and the neuroepithelium adjacent to the telencephalic vesicles at E14.5 and also becomes evident in the non- pigmented neuroepithelium of the retina (Fig. 2K) . At E14.5, transcripts are also detected in the specialized hair follicles (vibrissa) of the face and expression is maintained in this location through gestation (Fig. 2L) . Elsewhere, expression declines, though weak expression is detected in the renal and adrenal cortex until birth. No expression has been detected in adult kidneys or other tissues.
Lbx2 is a new member of the ladybird family of homeobox genes. The only other mammalian ladybird gene, Lbx1, is expressed in the hindbrain and by muscle precursors in the somite (Jagla et al., 1995) , domains of expression that do not overlap with Lbx2. The Lbx2 pattern of expression suggests a role in urogenital, brain and eye development.
Materials and methods

Isolation of Lbx2 cDNA and genomic DNA
A Lbx2 cDNA (Genbank accession number: AA017789) EST was obtained from the American Tissue Type Culture Collection (Manassas, VA), sequenced, and used to screen a mouse genomic 129SvJ Lambda Fix II library (Stratagene). A 20 kb phage insert was subcloned into pBluescript KS and partially sequenced.
In situ hybridization
Whole-mount in situ hybridization was performed as described (Riddle et al., 1993) with the following modi®ca-tions: (1) embryos were treated with 30 mg/ml Proteinase K for 12 min; (2) embryos were prehybridized for 2 h in 1.6% Blocking Reagent (Boehringer Mannheim), 80 mM Tris± HCl, 120 mM NaCl, 20% heat inactivated goat serum, 0.1% Tween 20; (3) embryos were washed at room temperature for 3 days in Tris-buffered saline plus 1% Tween 20 with frequent changes prior to addition of anti-digoxigenin antibody; (4) embryos were processed for vibratome sections by embedding in 4% agar in phosphate-buffered saline. Radioactive in situ hybridization was performed as described (Lutz et al., 1994) . Lbx2 speci®c antisense riboprobe was prepared using T3 RNA polymerase and the Lbx2 EST clone (AA017789) as template after linearizing with EcoRI. Sense probes prepared using T7 RNA polymerase after linearizing with NotI gave no signal.
